To investigate the effects of packaging on the quality aspects of radish, Korean radish roots (Raphanus sativus L. var. Kwandong) were stored at 0 ∘ C after different packaging treatments such as keeping in paper cartoon box (control), keeping in plastic crates (PC), packaging with micro perforated HDPE film in PC (HDPE + PC), curing followed by keeping in PC (Curing + PC), and curing followed by packaging with micro perforated HDPE film in PC (Curing + HDPE + PC). Weight losses of radish roots were remarkably lower (<3%) in both HDPE film packaged samples compared to that of control (10%) or without film (≈18%). * values, whiteness index, total soluble solids, and flesh and skin firmness were better maintained in Curing + HDPE + PC treatment compared to other treatments. Lower color difference values were also found in this treatment. Both film packaged samples had lower scores of black spot, surface shrinkage, and fungal infection incidence which revealed significantly longer marketable periods. HDPE film packaged samples exhibited longer shelf life more than one and two months compared to control and unpacked samples, respectively. Results suggest that HDPE film packaging can extend postharvest life of radish while curing might have little but beneficial effects in maintaining the quality characteristics. To our knowledge, this is the first report on quality evaluation of Korean radish during an extended storage period simulating the Korean industrial practices.
Introduction
Among the root vegetables, radish (Raphanus sativus L.) is one of the most popular, widely cultivated, highly productive, and nutritionally rich cool season crops available in many parts of the world, especially in Asian countries like China, Japan, and Korea. Like many other vegetables, radishes are low in calories and sugar and high in fiber content which make them an excellent choice for everyday diet. Being a member of Brassicaceae family, radish helps in decreasing the risk of many chronic, life-threatening illnesses, including heart disease, diabetes, and colon cancer [1] . Hence, radish was suggested as an alternative treatment for various ailments including hyperlipidemia, coronary heart diseases, and cancer [2] . Due to the diversity of production and adaptation, numerous varieties of radishes are grown worldwide almost throughout the year under varying climatic conditions. In Korea, radish is used in a number of food recipes as an important ingredient including "kimchi," a unique traditional fermented food in Korea, "kkakdugi," "dongchimi," "nabak-kimchi," "chonggak kimchi," "seokppakjji," and "pickled radish." Although Korean radish was thought to be derived from Chinese oriental radish called daikon, concentrated scientific efforts on the development of cultivars suitable for Korean climatic conditions resulted in a number of commercial varieties available for cultivation in the spring, summer, and fall seasons, based primarily on the variations in low temperature sensitivity [3] . Korean radishes are larger than most common radishes. They have a crisp, firm flesh that offers a relatively mild radish flavor and spicy taste. Its thick, 2 Journal of Food Quality smooth skin is creamy white and capped with pale green shoulders whereas the flesh is white with a texture and taste similar to that of the daikon radish. Unlike the carrot shaped daikon, however, the Korean radish is rounded and plump with an oblong shape. Kang et al. [3] also reported that radish roots grown in spring season of Korea are less susceptible to low temperature while the varieties produced in fall are highly sensitive to low temperature. Moreover, radish roots cultivated in the spring showed softer root firmness and shorter postharvest life compared to those produced in the fall.
Being an essential part of numerous Korean dishes, the year round availability of radish is needed to ensure the continued supply to the domestic consumers. Therefore, storage of radish at least for a certain period is an obvious and common practice for distribution centers, suppliers, or industries involved in producing processed or fermented food made from radish such as kimchi. However, radishes are carelessly handled during postharvest stages possibly due to its bulk volume, greater utilization for processing, and lesser uses fresh compared to other fruits and vegetables. As a result, both the physical and nutritional qualities of radishes deteriorate during storage that contributes largely to purchasing decision of the consumers. In terms of consumer preference, root color is one of the main quality characteristics of radish and is regarded as an indicator of radish quality [4] . A near perfect visual appearance is a common expectation of the consumers for buying fresh commodities. In case of Korean radish, the whiteness of the root is regarded as one of the pivotal factors in determining the freshness by which consumers can easily judge the produce for buying decision. Therefore, maintaining white color of the root is highly desirable for satisfying the consumers' expectation apart from other quality indicators such as shriveling or texture of the roots. Moreover, higher surface areas as their voluminous property make them more prone to dehydration. When the total water loss exceeds 5%, radishes lose their turgidity and deteriorate color properties becoming brownish from the initial white color, thereby reducing their quality and postharvest life [5, 6] . Other quality parameters include firmness, total soluble solids, total acidity, and hydrogenic potential [6] .
Quality determining factors like freshness or appearance and color of fresh commodities change during storage, handling, and display and are greatly influenced by the pre-and postharvest factors such as cultivation period, developmental stages, and postharvest conditions [7] [8] [9] . A number of physical, chemical, and biological methods have been utilized at postharvest stages in order to maintain or improve the quality of fresh commodities leading to extending their shelf life [10] [11] [12] . Different postharvest treatments such as packaging influence primary and secondary compounds in fruits and vegetables. Packaging, for instance, not only is considered as a food container that prevents mechanical damage and ensures hygiene, but also acts as a useful tool for extending storage life [13, 14] , maintaining bioactive substances [10, 15] and flavor related volatile compounds [16] . Curing is also a physical technique applied for several commodities after harvest to dry the outer skins, roots, and other tissues which make them more resistant to disease causing organisms [17, 18] .
Controlling storage temperature, on the other hand, is a crucial factors for maintaining physicochemical and other quality attributes of numerous fresh vegetables. In radish, physicochemical parameters that determine quality were well maintained in lower storage temperature [19, 20] and, therefore, a temperature of 0 ∘ C was recommended for radish roots in order to maintain their quality for an extended storage period [21] . Although a number of researches have been conducted on radish roots focusing on the potential uses as minimally processed ready-to-use or fresh-cut produces [6, 19, 22] and as an ingredient of fermented or processed foods [23, 24] , findings relating to the maintenance of freshness and quality of whole radish roots during storage are very limited. Hence, this study was conducted to decipher the effects of modified atmosphere packaging with or without curing on the quality attributes of Korean radish roots during storage at 0 ∘ C for an extended period. [16] [17] [18] [19] [20] [21] [22] ∘ C (ground) which reached 25-30 ∘ C and 21-23 ∘ C at later stages of growth, respectively. Radishes were manually harvested at commercial maturity in the early morning and immediately the roots were separated from leaves leaving about 5 cm leaf base attached to the root as a commercial practice. Commercial maturity of Korean spring radish is usually determined by the size (about 30 cm long), color (about 30% of total length of root grows above ground which becomes green in color while the underground part is white), and weight (about 1.7 Kg-2.5 Kg) of roots which reached nearly 3 months after sowing. The roots were then packaged in paper cartoon boxes (50 × 35 × 20 cm) and transported (within 2 hours) to postharvest laboratory. Each paper carton box contained about 10 radishes that yielded about 20 Kg and the radishes were arranged inside the box placing a layer of unused newspaper in between them. After reaching the laboratory, roots were carefully sorted, excess soil or dust (if any) was removed by using paper towel, and deformed, damaged, or physically injured radish roots were discarded. Then the attached leaf portions were trimmed from each radish to reduce the surface area that may cause more evaporation loss during storage.
Materials and Methods

Packaging Treatments and Storage Condition.
After trimming the attached leaf portions from each radish, they were subjected to different packaging treatments immediately or allowed to cure at room temperature (about [26] [27] [28] ∘ C) for one day using electric fans by arranging roots on a polyethylene sheet on the floor and then packaging treatments were applied. Five different packaging treatments included keeping in paper cartoon box as it was collected from the field (Control), keeping in plastic crates (50 × 35 × 30 cm) without film (PC), keeping in plastic crates with micro perforated High Density Polyethylene (HDPE) film (size 85 × 80 cm, 1 microhole cm −2 , and thickness 20 m) (HDPE + PC), curing followed by keeping in plastic crates without film (Curing + PC), and curing followed by keeping in plastic crates with micro perforated HDPE film (Curing + HDPE + PC). About 10 radish roots were accommodated in a paper cartoon box or plastic crates, used as a single replication. After packing radishes in the films, they were lightly closed and placed inside the plastic crates which were then arranged in a palate that contained a maximum of four layers of plastic crates. After each packaging treatment, whole radish boxes or crates were weighed and marked to estimate the loss of weight on the evaluation day during storage. Then the samples were stored at 0 ∘ C in a large room at dark condition. This temperature was chosen as a recommended storage temperature for radish roots [21] . Quality evaluations were carried out on 0, 30, 60, 90, 110, and 130 days of storage.
Weight Loss Measurement.
The individual radish boxes or crates were weighed on the day of packaging and considered as initial fresh weight. The percentage of relative fresh weight was calculated on each evaluation day using the following formula:
Relative fresh weight (%)
=
Fresh weight at measurement day Initial fresh weight × 100.
Then weight loss (%) was calculated by deducting the relative fresh weight (%) from 100 on the respective evaluation day. To avoid water condensation on the surface of roots that might affect fresh weight, we conducted weight measurement on each evaluation day inside the storage room.
Color and Texture Measurement.
Korean radishes grown in spring season are characterized by green-colored upper portion (about 30% of the total root length) and white colored underground part. However, consumers evaluate the freshness of radish based on the color of white part and therefore we measured color parameters only from the white portion, just beneath the green portion. A chromameter (Minolta CR-400, Minolta, Osaka, Japan) was used to record color readings from the opposite equatorial sites on each of ten roots in a replication which yielded an average value from a total of 60 readings from each treatment on each measurement day. The meter was equipped with an 8 mm diameter measuring head and calibrated with a standard white plate ( 93.5, 0.3155, and 0.3320) supplied by the manufacturer. Changes of color of radish roots were quantified in the * , * , and * color space. Color parameters * and * refer to color changes from green ( * < 0) to red ( * > 0) and from blue ( * < 0) to yellow ( * > 0) while * refers to the lightness and ranges from black = 0 to white = 100. The numerical color values of * , * , and * were used to estimate whiteness index (WI) [25] (see (2) ), total color difference (Δ ) [22] (see (3) ), and chroma ( * ) [22] (see (4) ).
where 0 * , 0 * , and 0 * represent the values at harvest and * , * , and * indicate the reading at any evaluation day. The texture of radish root was measured in terms of force required to make a puncture hole both on the skin of the lower portion of the roots and on the inner flesh of horizontally cut sliced (about 2 cm, just beneath the green part) portions (Figure 1 ). Puncture force was measured from five randomly chosen radish roots from each replication on each evaluation day. Using a texture analyzer (TA Plus, Lloyd Instruments, Model LF2303, Ametek Inc., Fareham, Hants, UK), the measurement was conducted through destructive puncture test performance method as described by Escalona et al. [26] . For skin puncture test measurement, the lower portion of radish roots was vertically divided into two parts and then a puncture hole was made on the middle of the skin of each divided portion. On the other hand, the force required to make holes on the inner tissues of 2 cm thickened horizontally cut radish slice was used as flesh puncture force ( Figure 1 ). Three readings were taken from the inner tissues of each radish slice that resulted in 15 pieces of data to get the average of flesh puncture force, whereas 10 reading were taken from skin portion calculated as average skin puncture force from each replication. Each radish slice or vertically divided radish portions were placed horizontally on the stationary platform of the analyzer and a 5 mm diameter flat-head stainless steel cylindrical probe penetrated the tissues for the test. The movement of the probe was adjusted to 5, 2, and 10 mm/s as the pretest, test, and posttest speed, respectively. The probe was run with a load cell of 5 KN and attached to a creep meter equipped with the software (NEXYGEN6MT v 4.5, Lloyd Instruments, Ametek Inc., UK) for automatic analysis using a computer. The measurements were conducted immediately after making the radish slices or vertically divided radish portions and all the activities were performed at room temperature (24±2 ∘ C).
Determination of Total Soluble Solid and pH.
Total soluble solid (TSS) and pH were measured following the method of AOAC [27] . After texture measurement, the remaining five radish roots in a replication were used for TSS and pH measurement. About 2 cm thick radish slices were horizontally separated (just beneath the green portion of the root) from each root similarly to what was done for puncture test measurement. Then the slices were separately shredded to make small pieces, wrapped with 2 layers of cotton cloth, and placed in a juice maker attached to an air supplier (Fru-X80, GooJung Chromatech Inc., Korea). Then pressure was created by the air supplier to obtain a homogenized solution of radish roots sample. TSS of the resultant cleared juice was measured in terms of ∘ brix using a refractometer (PAL-1, Atago Co. Ltd., Tokyo, Japan). The pH was determined using a pH meter (D-55122, Schott Instruments GmbH, Germany) with a glass electrode. Five measurements were conducted from five radish roots in a replication and the values were averaged.
Sensory Analysis.
The sensory analysis of radish roots was performed by an 8-member (5 men and 3 women, aged 28-52) expert panel on each evaluation day at room temperature. Before starting the experiment, the members of the panel were trained to recognize and score black spot incidence, fungal attack incidence, decay index, and overall visual quality of radish roots by adopting them from another similar previously conducted experiment. After measuring the fresh weight of radish inside the storage room, samples of different treatments were moved to room temperature and washed thoroughly in running tap water, and the roots were then placed on the table over a layer of paper towel. The excess water remaining on the surface of the roots was also absorbed with clean paper towel. Then overall visual quality of individual radish roots was evaluated by using a 9-point scale (9 = excellent, 7 = good, 5 = fair, 3 = poor, and 1 = unusable) as described by Escalona et al. [26] . Overall visual quality of a sample was referred to as acceptability or marketability and a score of 5 was considered as the limit of marketability. From our previous observation (other study) and during storage of harvested fresh radish root (Figure 2 (a)) in this study, a kind of discoloration was noticed on the root surface which was characterized by black or dark brown color, rounded or scattered on both the green and white portion, unsoftened, and different from soft rot or decay which we termed as "black spot" (Figure 2(b) ). Other abnormalities found in radish roots were "fungal infection" in which the mycelial growth of fungi was visible by the naked eye (Figure 2(c) ) and "decay" Journal of Food Quality 5 which was identified as soft and sunken lesion with brown or blackish color (Figure 2(d) ) as well as "surface shrinkage" which was characterized by any sign of shriveling or wilting or dryness of the root surface (Figure 2 (e)). The black spot incidence and surface shrinkage were visually rated on a 5-point scale (0 = nothing, 1 = slight, 2 = moderate, 3 = high, and 4 = severe), adopted from Kleinhenz et al. [28] and Nunes and Emond [29] , respectively, whereas the incidence of fungal infection was rated as the percentage of surface of individual roots covered with fungal mycelia: 0 = 0% to 4 = 100% surface cover [28] . On the other hand, decay was also ranked on another 5-point scale as the percentage of decayed surface area of individual roots (0% = 0, 1-10% = 1, 10-25% = 2, 25-50% = 3, and >50% = 4) [30] . Decay index was then calculated separately for each replication by the following formula:
Decay index = Total decayed score received (root × 0 + root × 1 + root × 2 + root × 3 + root × 4) Maximum possible score (total root × 4) .
2.7. Statistical Analysis. The experiment was conducted with three replications per treatment per evaluation period. The data were statistically analyzed using SAS software (SAS Institute, Cary, NC, USA). Based on the value of ANOVA, the level of significance was calculated. Duncan's multiple range tests were applied for mean comparison among the treatments and storage durations.
Results and Discussion
Weight Loss.
The percentages of relative fresh weight of radish roots under different packaging treatments during storage are presented in Figure 3 . Substantial amount of water losses was recorded in the samples which were not packaged with HDPE films while the minimum losses were observed for film packaged samples. Control sample, on the other hand, showed intermediate water loss trend in between the amount of water loss of film packaged and nonpackaged samples throughout the storage. Although radishes of Curing + HDPE + PC treatment retained the highest amount of fresh weight among the treatments throughout the whole storage period, the values were statistically insignificant ( > 0.05) with those of HDPE + PC treatment. This result clearly indicated the beneficial effect of using packaging film in maintaining fresh weight of radish during long term storage. At the end of the storage, we recorded only 2.2 and 3% weight loss in Curing + HDPE + PC and HDPE + PC treatments, respectively, whereas these losses were about 18% in nonpackaged radishes and 10% in control sample ( Figure 3 ). The reason for minimum weight losses found in film packaged sample could be attributed to high relative humidity (about 95%, data not shown) maintained in those samples through the storage. However, due to the presence of micro holes in the film, we did not observe water accumulation inside the packages which protected against decay or damage of the sample. Consequently, all the samples without packaging with HDPE film lost their marketability before 90 days of storage (later discussion). Maintaining freshness by retaining fresh weight of fresh commodities is one of the most critical challenges that face the supplier, processing centers, industries, whole sellers, or even retailers. Since curing is a common practice for drying the outer skins of many underground vegetables like onion which helps in reducing water loss and entry of pathogen during storage [12] , we found slightly higher relative fresh weight in both the cured samples than the uncured samples of similar treatments. However, we observed negligible water loss (about 0.3%) just after curing (data not shown) which may implies that the total water loss of cured and noncured radish roots remained similar after long term storage. Although curing is usually practiced in higher temperature than room temperature, our objective of curing was to make a protective layer on root surface without hampering the freshness and quality. Moreover, we used moving electric fan to cool down the root surface temperature as an act similar to precooling operation of harvested commodities. Due to the voluminous nature of Korean radish, many industries practice storing radish in large sized bag or container without any packaging film.
To simulate such open storage practices, we stored radishes in plastic crates only with or without curing which depicted higher water loss resulting in shriveling (Figure 2(e) ) and deterioration of visual quality from the beginning of storage. Tsouvaltzis and Brecht [20] observed about 1.3% weight loss of topped radish root after 9 days of storage at either 5 ∘ C or 10 ∘ C which supported our weight loss result of unpacked roots as we found nearly 5% loss of fresh weight after 30 days of storage. However, Ayub et al. [6] found severe weight loss of radishes (about 52%) just after 3 days of storage when radishes were stored at room temperature (20 ± 2 ∘ C) without leaves. Again, del Aguila et al. [19] found about 2.5% weight loss when whole radishes were stored at 1 ∘ C or 5 ∘ C for 10 days whereas this loss reached nearly double when they were stored at 10 ∘ C. It seems that storage temperature greatly affects the fresh weight retention ability of radishes as observed in many other vegetables especially in leafy vegetables. It is also likely that different researchers used different kinds or varieties of radishes which might have shown varying pattern of postharvest behavior as radish grows in almost every part of the world due to its broad adaptation to climatic condition [4] . The film used to package radish roots in this study significantly retarded fresh weight loss of roots during storage compared to control and unpackaged sample. The effectiveness of packaging film for maintaining fresh weight and other quality factors in radish has also been observed in previous study [11] . quality parameter judged by the consumer at the time of purchase, different color indices may require getting detailed characterization of the quality attributes of fresh commodities or food [22] . In this context, color parameters * , WI, ΔE, and * were used and calculated from chromatic parameters ( * , * , * ) to monitor the changes of surface color of radish roots. Although the values of * reflect the lightness or whiteness of a produce, we separately calculated the whiteness index (WI) to get a clear understanding about the whiteness of roots as the white portion was used to investigate the color quality of roots. However, we found almost similar pattern of changes of * and WI values throughout the storage (Figures 4(a) and 4(b) ). Similar to weight loss data, unpacked radish roots showed rapid deterioration of color parameters while a gradual and slower decline of * and WI values was found in control sample. Although whiteness or lightness quality of both HDPE packaged samples was insignificantly different from those of control sample until 110 days of storage, it was significantly different ( < 0.05) from those of unpacked samples. However, only cured sample packaged in film showed insignificant ( > 0.05) but higher * and WI values until 110 days of storage among the treatments which became significantly higher at the last evaluation day (Figures 4(a) and 4(b) ). The least changes in * and WI values observed in film packaged samples could be the effects of in-pack atmosphere (about 18-19% O 2 and 1-2% CO 2 , data not shown) combined with high relative humidity prevailing inside the packages which inhibited water transpiration thereby yellowing and shrinkage of skin were minimized. Between the two film packaging treatments, the samples of Curing + HDPE + PC treatment yielded the best color quality until the end of storage. This treatment also showed nearly similar values of * and WI until 60 days of storage and therefore received the highest visual quality scores (later discussion) among the treatments. del Aguila et al. [19] reported that the * values of whole radish roots (without packaging) remained unchanged during a 10-day storage period regardless of storage temperature up to 10 ∘ C. This implies that color changes of whole radish root are more insensitive to that of leaf or leafy vegetables and well documented by Tsouvaltzis and Brecht [20] . Therefore, many food industries which use radish root as one of the food ingredients store radish carelessly at lower temperature, especially in Korea. However, the scientific reports on radish root storage for extended periods are also limited which encouraged us to conduct this study. The decreases in * and WI values indicated the changes of white color of root to yellowish or lighter brown color when storage time elapses. Goyeneche et al. [22] explained that the development of yellowish or brownish skin color of radish root could be due to the changing activities of endogenous enzymes such as polyphenol oxidase (PPO). Since curing helps in developing protective layers and reducing the product's temperature (as long as we used electric fan), we hypothesize that cured samples packaged in film might have lower enzymatic activities resulting in least changes in color parameters compared with other samples. However, the suddenly increased values of * and WI of the samples under Curing + PC treatment at the end of storage compared to their preceding values (Figures 4(a) and 4(b)) are unclear to us.
Color difference (Δ ) value increased gradually in all samples with a greater intensity in unpacked samples and smaller intensity in Curing + HDPE + PC treatment (Figure 4(c) ). Although HDPE + PC treatment showed nearly similar values of Δ to that of control sample, Curing + HDPE + PC treatment alone showed lower color change values after 60 days of storage; particularly the value was significantly lower on the last evaluation day. Although the insignificant changes of radish root color during storage at 5C or 10C for 9 days were reported [20] , our results were different from theirs obviously because of the storage period, condition, and variety used for this study. Since chroma represents color saturation which varies from dull (low value) to vivid color (high value) and reflects the intensity or strength of hue, we calculated chroma in order to well describe the real changes of radish root color. The chroma ( * ) values also increased during storage and followed nearly similar patterns as observed for Δ values (Figure 4(d) ). However, the * values of Curing + HDPE + PC treatment did not show significant difference ( > 0.05) from that of control or HDPE + PC treatment though the lowest values were observed in all measurement days except on 90 days. In a study with "Nevadar" radish, Schreiner et al. [10] explained that color changes ( * ) of roots at postharvest stages were associated with the changes in soluble and insoluble pectic substances, total glucosinolates, and other biochemical compounds. Considering all the measured color parameters, Curing + HDPE + PC treatment was the most potential for retarding root color change among the treatments in this study.
The firmness properties of skin and inner flesh of radish roots were measured in terms of force needed to make a puncture hole on the tissue. The skin and inner flesh puncture forces as affected by different packaging treatments and storage duration are presented in Table 1 . We found variable pattern of changes of skin firmness during the storage while firmness of inner flesh declined ( < 0.05) on the first evaluation day and then it increased or decreased or fluctuated (significantly or insignificantly) until the end of storage. Overall, skin firmness of unpacked samples increased when storage time progressed though some exceptions were found. Samples packaged in HDPE film showed minimal changes in skin firmness in which sample under Curing + HDPE + PC treatment exhibited nearly steady skin puncture force values before showing an insignificant increasing trend near the end of storage. Except on 60 days, HDPE + PC treatment also followed almost similar pattern as observed for Curing + HDPE + PC treatment. However, skin puncture force of control sample fluctuated until the end of storage. The increases in skin puncture force in unpacked sample could be due to the higher evaporation loss from those samples rendering the increased elasticity of radish skin. As observed in weight loss properties (Figure 3) , packaging film successfully prohibited evaporation loss that also influenced the firmness properties of radish roots. Moreover, high 8 Journal of Food Quality relative humidity coupled with changing gas composition prevailing in the film packaged sample might favor the maintenance of texture properties of radish roots through inhibiting water loss and softening of the samples during storage. In accordance with our results, Escalona et al. [26] also explained that the water loss from unpacked kohlrabi stem increased the peel elasticity where more penetration force was required compared to MAP-stored stem. Similarly Villanueva et al. [31] observed markedly increased shear force of green asparagus stored at refrigerated condition, at 10 ∘ C, and in basal portion compared to their counterpart of MAP, 2 ∘ C, and apical portion, respectively. Inner flesh puncture force of radish roots, on the other hand, decreased ( < 0.05, except Curing + PC treatment) on 30 days of storage in all cases (Table 1 ) from their initial values and could be attributed to the differences in temperature with the roots being in field or room temperature condition on initial day while they received low temperature for a considerable period on the first evaluation day. However, the flesh puncture force did not differ significantly ( > 0.05) among the treatments except the control sample on 60 and 110 days. It revealed that the changes in firmness of inner tissues are more consistent than the peel of the radish roots. Ayub et al. [6] also found insignificant differences in pulp firmness during storage of radish at 20 ± 2 ∘ C for 3 days. Although we did not notice any chilling injury symptom, we assume that continued exposure of roots at low temperature caused significant changes in cell wall content and starch content that favored the inner tissues to become with softer texture as these contents were found to be correlated with tissue firmness in radish [3] . The paper box packaging in control treatment might have provided more favorable environment in this process and possibly one of the reasons for lower values of flesh puncture force of this sample throughout the storage compared to other samples. It is also evident that the variation and the changing pattern of skin and flesh puncture force could be attributed to the differences in cell turgor, cells wallmiddle lamella structure, water content, and biochemical compositions such as starch content reflecting the relative abundance of the various carbohydrate pools of tissues [3, 32] . Since flesh firmness did not show noticeable variation among the treatments except control, our data suggest that Curing + HDPE + PC treatment could better maintain tissue firmness of radish roots, especially for maintaining skin firmness. Table 1 the samples in different packaging treatments during storage at low temperature. As for other measured parameters, TSS of HDPE film packaged samples remained stable compared to nonpackaged or control samples. In comparison with harvesting condition, TSS increased slightly after curing and at the first two evaluation days in all cases probably due to the dehydration of the samples and agreed with the findings of Ayub et al. [6] . Consequently, the pronounced increases ( < 0.05) in TSS of unpacked sample at 60 days and afterwards were well corresponding to the higher water loss (Figure 3 ) that resulted in concentrated solute. The value of pH, on the other hand, did not show any consistent pattern except an increasing tendency on 90 and 110 days of storage before reaching nearly their initial values at the end (Table 1) . Similar to TSS, the increasing pH values also might be attributed to the moisture loss, especially for nonpackaged samples (Figure 3) . However, the reason for sudden fall of pH values ( < 0.05) at the end of storage is unknown to us. Overall, the minimal changes in TSS and pH values may indicate that radish roots had slower metabolic activities possibly because of the very low storage temperature used in this study for storing radish roots. Similar observations were also found in kohlrabi stems with or without MAP for 2 months at 0 ∘ C [26] .
Total Soluble Solid Content and pH. As reflected in
Sensory Quality.
As the sensory qualities of radish roots were measured in terms of consumers' view point, we conducted several measurements depending on the appearing symptom of quality deterioration during storage. Although we noticed black spot incidence and surface shrinkage on the first evaluation day (30 days of storage), fungal infection and decay were not detected until 90 days of storage ( Figures 5  and 6 ). However, all the samples under different treatments received acceptable overall visual quality (OVQ) scores for marketability until 60 days of storage ( Figure 7) . Incidence of black spot was one of the noticeable signs of quality deterioration that appeared in all cases though the degrees were initially lower in HDPE packaged samples ( Figure 5 ). With successive storage, the incidence increased in all cases and there was no significant difference ( > 0.05) found among the treatments on 60 and 90 days, but comparatively lower scores were recorded for HDPE film packaged sample near the end of storage. Overall, black spot incidences did not increase remarkably after 90 days of storage except Curing + PC treatment which exhibited the highest scores ( < 0.05) among the treatments both on 110 days and at the end ( Figure 5 ). The greater water loss along with direct contact with air of low temperature for a longer period probably affected the cell or cell wall components expressed on skin color as black/brown or dark patches and might be the reason for higher scores of unpacked samples. Similar observations of discoloration were also reported in bamboo shoot [28] and in green asparagus [31] stored with or without packaging film. However, the highest values of this parameter were found only in Curing + PC treatment near the end of storage possibly because of curing effect. As expected, surface shrinkage scores were well correlated with the water loss values and showed a gradual increasing pattern until the end of storage (Figures 3 and 5) . Significantly higher surface shrinkage scores ( < 0.05) were recorded in unpackaged sample followed by control which perhaps largely influenced the OVQ scores limiting the marketability of those samples. HDPE packed sample, on the other hand, received considerably lower scores ( < 0.05) of surface shrinkage compared to others that did not affect the OVQ (later discussion) until the end of storage. Development of wilting or shriveling symptom is a common phenomenon of fresh commodities which is largely associated with moisture loss, especially in the case of leafy vegetables. Based on a study with 14 freshly harvested fruits and vegetables, Nunes and Emond [29] reported that increased weight loss resulted in corresponding increases in shriveling or wilting and browning intensity of most of the commodities tested. In our observation, the first sign of water loss of radish roots was perceived as loss of turgidity and softening of skin which became rubbery with the progress of storage time.
Despite their minimal values, scores of fungal infection increased steadily ( Figure 6 ) which possibly did not hamper OVQ scores remarkably. The mycelial growth was almost confined only in the cut portion of leaves and at the bottom where there were signs of wound. Similar to black spot incidence scores, sample of Curing + PC treatment also received higher score ( < 0.05) of fungal infection on all evaluation days after its first recognition on 90 days. Interestingly, HDPE packaged samples had comparatively lower (significant or not significant) fungal infection compared to other samples. It is likely that unpacked sample had higher possibility of rapid spread and growth of fungal mycelia in the storage chamber that resulted in higher contamination than those of packaged sample. Decay index, on the other hand, showed opposite trend to that of fungal infection in between packaged and nonpackaged samples. Unlike surface shrinkage, decay indices were higher for packaged sample including control sample (Figures 5 and 6) . However, the values were considerably low in all cases even at the end of storage as we observed the development of decay symptom only in few roots in a replication which also had a lower intensity. The significantly lower values ( < 0.05) of decay indices of unpacked sample at the end of storage had borne no influence in OVQ since their shrinkage values were higher and played a greater role in maintaining marketability. Although it was reported that storage decay of radishes is a major problem for quality maintenance and shelf life extension [33] , the suitable and very low storage temperature used in this study might prohibit the pathogen growth resulting in minimal occurrence of decay. Moreover, packaged sample had higher moisture content along with higher relative humidity surrounding the packaging environment which favored the growth of the pathogen that developed decay symptom. However, the slightly lower scores of fungal infection and decay received in Curing + HDPE + PC treatment could be an effect of curing that made the radish surface more resistant to pathogen infection [17, 18] . It seems that the incidence of fungal infection and the incidence of decay which we scored separately were caused by different type of fungi or pathogen as several fungi are involved in postharvest and storage decay of radishes [33] .
As reflected in Figure 7 , all packaged samples including control remained marketable until 60 days of storage whereas control sample received marketable OVQ only until the following evaluation days. HDPE film packaged sample, on the other hand, received marketable scores until the end of storage where the scores of uncured and cured samples were 4.97 and 5.21, respectively, at the end of storage against the set limit at 5 for acceptability or marketability. This result indicates that apart from HDPE film packaging curing had at least some beneficial effects on radishes which affected OVQ and other quality parameters. Although the OVQ score of HDPE + PC treatment reached the brink of marketable limit, we believe that those samples were also acceptable for sale. Therefore, it can be concluded that packaging materials had greater influence on radish quality rather than the effects of curing. It is apparent that packaging radish with HDPE film for low temperature storage could result in significant ( < 0.05) increase in postharvest life over nonpackaged or control radishes. In agreement with our results, increases in shelf life through the uses of packaging materials have been observed in many cases such as in bamboo shoots [28] , kohlrabi stems [26] , and green asparagus [31] .
Conclusions
The use of micro perforated HDPE film as a packaging material for whole radish roots contributed largely to maintaining the quality parameters and extended a considerable period of postharvest life. Results obtained from this study clearly depicted the better ability of packaging film in reducing weight loss and maintaining color and firmness traits as well as better maintenance of several sensory qualities that jointly resulted in an increased marketable period of radishes. Therefore, the use of HDPE film could be a better option for packaging radishes in order to ensure an extended shelf life during storage at low temperature.
